Experiments were conducted in which rhesus monkeys were infected with mumps virus by inoculation into the parotid gland. Virus was isolated from buccal swab specimens from animals up to 6 days after inoculation. Immunofluorescence staining for mumps antigen was positive, and infectious virus was recovered from tissue biopsies of inoculated glands. Histological examination of biopsied glands revealed lymphocytic infiltration of the tissue. Virus was not isolated from urine, buffy coat, or biopsies of thyroid and spleen. In other experiments, animals were infected by inoculation into the thyroid gland. Virus was not isolated from buccal swabs, urine specimens, or thyroid tissues from these monkeys. All It has been suggested (9, 12) that the autoimmune nature of human chronic nonspecific thyroiditis (Hashimoto's disease) may be a result of an infectious process, probably viral in nature. According to this hypothesis, the autoimmune response would come about by modification of organ-specific antigens or release of normally sequestered antigens as a result of the infection.
One virus which has been considered in this regard is mumps virus. Eylan, Zmucky, and Sheba (4) and Felix-Davies (5) have reported on cases of subacute thyroiditis associated with mumps infection. The former reported that virus was isolated from 2 of 11 thyroid biopsies, whereas the latter reported the development of antithyroglobulin antibodies in a patient subsequent to mumps thyroiditis.
These observations led us to attempt a direct experimental approach. The rhesus monkey was chosen because it is susceptible to infection with mumps virus, and the characteristics of experimental autoimmune thyroiditis in this species were found to be more like the natural disease in humans than the experimental disease in other animals (13) . Our studies were directed to documentation of the establishment of infection, du-1 Deceased December 1969. ration of clinical disease and virus shedding, immune response to the virus, and immune response to organ-specific antigens of the thyroid gland.
MATERIALS AND METHODS Virus. The virus used in most experiments was the Boston strain of mumps virus (6) . This agent was passaged nine times in primary human amnion cell cultures and two or three times in primary rhesus thyroid cell cultures. The preparations used to inoculate animals titered 4 X 107 plaque-forming units (PFU)/ml (7) . Virus diluent was medium 199 with 2% newborn calf serum. Animal no. 4 was infected with saliva (6 X 102 PFU/ml) from a case of human mumps, and no. 6 was infected with the ABC strain of mumps virus propagated in rhesus kidney cell cultures and which titered 3 X 107 PFU/ml. The chick embryoadapted Enders strain was used for rabbit immunization and hemagglutination-inhibition (HAI) tests.
Virus isolation. duced through the orifice to a depth of several millimeters in the duct. The infectious fluid or diluent was then expressed into the gland. The volume infused into the gland was approximately 1 ml.
Two monkeys (no. 9 and no. 10) were infected by introduction of virus directly into the thyroid gland. Thyroid glands of the anesthetized animals were exposed by surgical procedure, and virus was injected directly into the gland by using a 26-gauge needle and 0.25-ml syringe. The No virus was isolated from the buccal swab specimens collected through 9 days postinjection.
Serum samples collected on days 13, 24, and 31 after inoculation as well as the preinjection sample were tested for neutralizing and HAI antibodies (Table 4) . Mumps antibodies were detected in each of the postinoculation samples, indicating a response compatible with infection.
The second animal (no. 10) received 0.25 ml of virus in each lobe, a total of 2.0 X 107 PFU. Three days after inoculation, one lobe of the gland was removed and assayed for mumps infectivity. Buccal swabs and urine samples were also examined for mumps virus. Virus was not isolated from any of these specimens including the biopsied tissue. Mumps neutralizing and HAI antibody was detected in the day 11 serum samples as shown in Table 4 .
Serum from both these animals was tested for thyroid antibody, and all tests were negative.
Challenge of previously infected monkeys. Experiments were performed in which monkeys recovered from mumps virus infection were challenged with a second inoculation. Two animals (no. 1 and no. 2) which had been bilaterally infected in the parotid gland were reinjected 50 and 56 days, respectively, after the initial inoculation. In these animals, 1.0 ml (4 X 108 PFU) of Boston strain mumps virus was injected into the right parotid gland and diluent was injected into the left. Clinically, the detectable response in the animals was a swelling of the virus-inoculated gland occurring 24 to 48 hr after injection. Swelling was not detected in glands injected with diluent. Virus isolation attempts were made from buccal swabs of these animals. Positive specimens were obtained only immediately after the injection of the challenge virus. All other specimens were negative up to 5 days postchallenge.
In other experiments, parotid glands were removed from immune monkeys 24 to 48 hr after challenge with virus. These animals had originally been infected by unilateral injection of virus. Histologically, challenged glands were infiltrated with lymphocytes; polymorphonuclear cells were not seen (Fig. 2) . The infiltrate was both diffuse and focal in character in glands which had been originally injected with virus, whereas the infiltrate was exclusively focal in previously uninjected glands. The cell types present were, however, the same. The qualitative characteristics of the reaction were identical to those seen in biopsies of the acute response. It appeared, however, more intense in the four animals examined. Fibrosis was also evident in glands which had suffered primary infection. Parotid tissue challenged with diluent only had rare foci of infiltration.
Challenge virus was also injected into sites other than the parotid gland in two other postinfection monkeys. These animals (no. 3 and no. 6), 18 and 20 days postinoculation, were injected with 0.2 ml of Boston strain virus (8 x 108 PFU) into the lower pole of the right testis and with 0.2 ml of diluent into the contralateral gland. In no. 3, the right testicle and spermatic cord were swollen at 24 hr after injection, and the left side appeared normal. At 48 hr, the swelling had increased on the right side and the left remained unchanged. By 72 hr, the swelling had almost disappeared and, at 96 hr, both testes appeared normal. Monkey no. 6 showed swelling of the virus-challenged testicle at 24 hr and a biopsy was taken at 48 hr. This tissue showed infiltration with round cells; however, the effect was confined to peripheral regions of the specimen. In one animal, no. 3, Boston strain virus (8 X 108 PFU) and diluent in 0.2-ml volumes were also inoculated into the right and left lobes, respectively, of the thyroid gland exposed by surgery. The thyroid gland also showed a swelling response to the injected virus, but the magnitude was a great deal less than that seen in the testis. Failure to detect infectious virus in urine, buffy coat, spleen, and thyroid suggests that, unlike the natural infection in humans, experimental mumps in the rhesus was a localized infection apparently confined to the parotid. Utz and Szwed (15) were able to demonstrate the presence of mumps virus in the urine of human patients for long periods after onset of symptoms.
All animals responded serologically to mumps virus. HAI and neutralization tests showed the presence of antibody in serum samples. The magnitude of response was significant and similar in most cases to human cases of natural mumps (7). The lowest antibody response observed was that occurring in the animal which received a 25-mg dose of cortisone acetate.
The histology of infected glands in monkeys was similar to that described by Johnson and Goodpasture (11) and Findley and Clarke (6) . Both of these classic papers noted the occurrence of monocytic infiltrates in the acute lesion.
Challenge experiments of immune animals showed solid immunity to reinfection. Infectious virus was never recovered from previously infected animals. A distinct swelling response associated with virus-containing inoculum was noted in parotid and other tissues 24 to 48 hr after challenge. This response was noted by Enders (3) and other workers and has been suggested to be a hypersensitivity reaction. The histological picture of lymphocyte infiltration which we observed in sections of tissue injected with virus is compatible with this suggestion. However, the histological response which was observed in biopsies of the acute gland was qualitatively identical to that seen in challenged glands. Although further experimentation is required, these results suggest that the initial response may also be a manifestation of hypersensitivity. Infection of monkeys was carried out by direct injection of virus into the thyroid gland. Evidence for infection was entirely serological, as virus was not isolated from infected animals. We must assume virus replication since the antigenic mass of virus inoculated was of very low order. The site of virus replication cannot be stated, as we failed to find evidence of virus in the thyroid gland subsequent to injection. Thyroid tissue maintained in vitro (8) 
